(19) 



J 



Europdisches Patentaint 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

21.01.2004 Bulletin 2004/04 

(21) Application number: 03016071.7 

(22) Date of filing: 15.07.2003 



(11) EP 1 383 177 A1 

EUROPEAN PATENT APPLICATION 

(51) lntCi7: HOI L 33/00 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IE IT LI LU MC NL PT RO SE SI SK TR 
Designated Extension States: 
AL LT LV MK 

(30) Priority: 17.07.2002 JP 2002208105 

(71) Applicant: Sumitomo Electric Industries, Ltd. 
Osalca-shi, Osaka 541-0041 (JP) 



(72) Inventor: Katayama, Koji 

1-chome, Konohana-ku, Osaka-shi, Osaka (JP) 

(74) Representative: Griinecker, Kinkeldey, 

Stockmair & Schwanhausser Anwaltssozietat 
Maximillanstrasse 58 
80538 IVItinchen (DE) 



1^ 

T- 

CO 
00 
CO 



(54) Structure of p-electrode at the light-emerging side of light-emitting diode 



(57) A structure of a p-electrode formed at the light- 
emerging side of an LED that comprises (a) an n-type 
semiconductor substrate, (b) an n-type cladding layer, 
an active layer, a p-type cladding layer, and a p-type 
contact layer formed on the substrate in this order, and 
(c) an n-electrode formed on the back face of the sub- 
strate. The structure of the p-electrode comprises a 
mesh-shaped semi-transparent thin-film metal elec- 
trode for diffusing electric current formed on the p-type 
contact layer and a bonding electrode for wire bonding. 
The metal electrode comprises a covering portion hav- 
ing a transmittance of at least 1 0% and an opening por- 
tion having an opening ratio of at least 20%. The bond- 
ing electrode is fomned at the periphery of the p-type 
contact layer and is bonded directly to the mesh-shaped 
semi-transparent thin-film metal electrode. This struc- 
ture can increase the intensity of the output light emerg- 
ing from the p-side. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a structure of a p-electrode at the light-emerging side of a light-ennitting diode» 
and particularly to a structure of the p-electrode innproved so as not to obstruct the passing of light in a light-ennitting 
diode using a wide-bandgap semiconductor such as ZnSe or GaN. 

10 

Description of the Bacl<ground Art 

[0002] A light-emitting diode (hereinafter referred to as LED) has an n-electrode on one of the two main surfaces 
(top and bottom surfaces) and a p-electrode on the other. In the case of a surface-illuminating-type LED, either surface 
15 \s used as the light-emerging surface. The electrode, usually made of metal, is required not to obstruct the passing of 
light. 

[0003] An LED such as an AiGaAs-based LED has a structure In which a p-type GaAs contact layer, having a sufficient 
electrical conductivity, is placed on the pn junction, and a small-area dot- or ring-shaped p-electrode is placed on the 
conlacl layer. In this specification, the narrow p-eleclrode is also called a bonding electrode because it is used for wire 
20 bonding. 

[0004] Because the p-type GaAs contact layer has low resistance, it has the ability to diffuse a current injected from 
the small-area p-electrode, making the current density nearly uniform under the contact layer. In other words, the p- 
type GaAs contact layer desirably functions as a current-diffusing layer. Therefore, when the narrow bonding electrode 
is formed on the p-type contact layer, this simple structure can sufficiently diffuse the current. 

25 [0005] However, when an LED Is produced by using a material that makes it difficult to obtain a low-resistance p- 
type semiconductor, the semiconductor itself cannot sufficiently diffuse the current. With a GaN- or ZnSe-based wide- 
bandgap semiconductor, it Is difficult to produce a p-type semiconductor, particularly a low-resistance p-type semicon- 
ductor. This is the reason why an LED using such a semiconductor has difficulty In obtaining a low-resistance p-type 
contact layer. As a result, the LED cannot be provided with a current-diffusing layer. 

30 [0006] With an LED having no current-diffusing layer, the bonding electrode for wire bonding alone cannot diffuse 
the current sufficiently in the p-type contact layer. Consequently, the current is localized at the portion underneath the 
electrode. As a result, the effective area of the light-emitting section is decreased, notably decreasing the luminous 
efficiency. In addition, the current crowding decreases the life of the LED. To prevent the current concentration at the 
portion directly under or in the vicinity of the bonding electrode, an LED having no current-diffusing layer usually has 

35 a structure In which an extremely thin semi-transparent metal electrode made of Au, for example, is formed on the 
entire surface of the light-emitting region. In this structure, the bonding electrode is placed on a portion of the light- 
emitting region. Au can provide ohmic contact with the p-type contact layer. 

[0007] In this specification, the thin metal electrode is referred to as "a semi-transparent thin-film metal electrode" 
to distinguish it from the bonding electrode. In other words, the p-electrode has a dual structure composed of the 

^0 bonding electrode and the semi-transparent thin-film metal electrode. Whereas the bonding electrode does not transmit 
light, the semi-transparent thin-film metal electrode can transmit light to a certain extent. Consequently, light generated 
at the pn junction can pass through the semi-transparent thin-film metal electrode to exit to the outside. 
[0008] However, although the semi-transparent thin-film metal electrode covering the entire p-type contact layer can 
transmit light, its transmittance is low. As a result, In a GaN- or ZnSe-LED, part of the upward light emitted from the 

^5 active layer is absorbed or reflected by the semi-transparent thin-film metal electrode. The axial light intensity decreases 
by the amount of the absorption and reflection losses. 

[0009] The absorption and reflection at the semi-transparent thin-film metal electrode decreases the amount of light 
emerging from the LED to the outside, decreasing the brightness accordingly. To increase the light intensity (brightness) , 
it is necessary to decrease the absorption and reflection at the semi-transparent thin-film metal electrode. In other 

so words, it is necessary to increase the transmittance of the metal electrode. To achieve this purpose, the thickness of 
the metal electrode can be decreased. However, if the metal electrode is excessively thin, the electrical resistance in 
the lateral direction Increases, decreasing the effect of current diffusion by the metal electrode. For example, when Au 
is used as the metal electrode, if the thickness is decreased to 5 nm, a sufficient current cannot flow into the Au electrode 
due to the increased resistance. It Is desirable that the Au electrode has a thickness of at least 1 0 nm, preferably about 

55 20 nm. Although thin, the Au electrode having a thickness of about 20 nm has a transmittance as low as 40% to 60% 
or so. In other words, about half the amount of the light is decreased by the presence of the Au electrode. 
[0010] The published Japanese patent application To/cL//ca/ 2001-148511 , entitled "Semiconductor light-emitting di- 
ode," has disclosed a mesh-shaped electrode structure of an LED in which (a) a mesh-shaped metal electrode Is 
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formed on the n-type contact layer, (b) a transparent, electrically conductive oxide electrode layer made of indium tin 
oxide (hereinafter referred to as ITO) is formed on the mesh-shaped metal electrode, and (c) a bonding electrode is 
formed at the center of the oxide electrode layer (the bonding electrode is referred to as a pad electrode in Tokukai 
2001 -1 4851 1 ). In other words, the n-side electrode structure is composed of the bonding electrode, the ITO layer, the 

5 mesh-shaped metal electrode, and the n-type contact layer. 

[0011] ITO provides ohmic contact with the n-type contact layer. An injected current sufficiently diffuses through the 
thick ITO layer and proceeds into the n-type contact layer with a uniform distribution. Because the ITO layer has an 
enough thickness, it has the ability to diffuse the current. Therefore, the semiconductor layer (n-type contact layer) is 
not required to diffuse the current. 

10 [0012] Although electrically conductive, ITO is less conductive than Au. Consequently, the transparent electrode is 
as thick as 600 nm to 1 m. Because the ITO is less conductive, the bonding electrode must be placed at the center 
of the ITO layer in order to obtain the uniform current distribution throughout the chip. If the bonding electrode is placed 
at a portion close to the periphery of the ITO layer, the current will not flow sufficiently at the opposite portion. 
[0013] The GaN-LED provided with the ITO transparent electrode without using a mesh-shaped metal electrode has 

IS a problem In that the junction barrier between the ITO electrode and the n-type contact layer (n-GaN) is so high that 
the forward voltage drop becomes as high as seven volts. As a result, a low-voltage drive cannot be performed. 
[0014] In the structure disclosed In the foregoing Tokukai200^ -148511 , the mesh-shaped metal electrode (Au/Ge) 
Is placed on the peripheral portion of the n-type contact layer excluding the central portion for placing the bonding 
electrode. With the above-described GaN-LED having no mesh-shaped metal electrode, because the current flows 

20 directly from the ITO layer to the n-GaN contact layer, the voltage drop becomes as high as seven volts. On the other 
hand, in the case of the above-described structure disclosed by 7b/fL//ca/2001 -148511 , the current first flows from the 
ITO layer to the mesh-shaped metal electrode producing no voltage drop, and then flows from the mesh-shaped metal 
electrode to the semiconductor layer (n-GaN contact layer) producing a voltage drop of no more than about three volts. 
[0015] As explained above, in the structure disclosed in the 7b/cu/ca/ 2001-148511 , the current flows in order of the 

25 bonding electrode, the ITO layer, the mesh-shaped metal electrode, and the n-type contact layer. The n-electrode is 
placed at the side from which the light emerges. As opposed to this, as in the present invention, there is a structure in 
which the p-electrode is placed at the side from which the light emerges. The n-type contact layer sufficiently absorbs 
dopants, increasing the carrier density. This high carrier density sufficiently reduces the resistance, facilitating the 
current diffusion. However, this process cannot be applied to the p-type contact layer aimed at by the present invention, 

30 for example. 

[0016] Consequently, researchers and engineers are required to develop a surface-illuminating-type LED causing 
the light to exit through the p-electrode, particularly an LED using a wide-bandgap semiconductor such as ZnSe or 
GaN, in such a way that the LED has an improved light transmittance at the p-electrode in contact with the p-type 
contact layer to increase the optical output. 

35 

SUMMARY OF THE INVENTION 



' [0017] An object of the present invention is to offer an Improved structure of the p-electrode In contact with a p-type 
contact layer of an LED. The improvement is to be attained by increasing the light transmittance of the p-electrode in 
40 order to increase the optical output of the LED. 

[0018] According to the present invention, the foregoing object is attained by offering a structure of a p-electrode 
formed at the light-emerging side of an LED comprising the following members: 

(a) an n-type semiconductor substrate; 
^5 (b) an n-type cladding layer fomned on the n-type semiconductor substrate; 

(c) an active layer formed on the n-type cladding layer; 

(d) a p-type cladding layer fonmed on the active layer; 

(e) a p-type contact layer formed on the p-type cladding layer; and 

(f) an n-electrode fonned on the back face of the n-type semiconductor substrate. 

50 

The structure of the p-electrode comprises a mesh-shaped semi-transparent thin-film metal electrode for diffusing 
electric current formed on the p-type contact layer and a bonding electrode for wire bonding. The metal electrode has 
(a) a covering portion having a transmittance of at least 10% and (b) an opening portion being formed of a multitude 
of windows and having an opening ratio of at least 20%. The bonding electrode is formed at the periphery of the p- 
55 type contact layer and is bonded directly to the mesh-shaped semi-transparent thin-film metal electrode. 

[0019] The above-described LED may further comprise an n-type buffer layer between the n-type semiconductor 
substrate and the n-type cladding layer The above-described LED may further comprise a p-type semiconductor layer 
between the p-type cladding layer and the p-type contact layer The above-described LED may further comprise both 
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(a) an n-type buffer layer between the n-type semiconductor substrate and the n-type cladding layer and (b) a p-type 
senniconductor layer between the p-type cladding layer and the p-type contact layer. 
[0020] The foregoing LED having the n-type buffer layer may have the following structure: 

5 (a) the n-type semiconductor substrate is an n-type ZnSe substrate; 

(b) the n-type buffer layer Is an n-ZnSe buffer layer; 

(c) the n-type cladding layer Is an n-2nMgSSe cladding layer; 

(d) the active layer Is a ZnCdSe/ZnSe multiple quantum well (hereinafter referred to as MQW) active layer or a 
ZnSeTe active layer; 

10 (e) the p-type cladding layer is a p-ZnMgSSe cladding layer; and 

(f) the p-type contact layer comprises a p-(ZnTe/ZnSe) MQW layer and a p-ZnTe layer formed on the p-(ZnTe/ 
ZnSe) MQW layer. 

[0021] The foregoing LED having both the n-type buffer layer and the p-type semiconductor layer may have the 
IS following structure: 

(a) the n-type semiconductor substrate Is an n-type ZnSe substrate; 

(b) the n-type buffer layer Is an n-ZnSe buffer layer; 

(c) the n-lype cladding layer is an n-ZnMgSSe cladding layer; 

20 (d) the active layer is a ZnCdSe/ZnSe MQW active layer or a ZnSeTe active layer; 

(e) the p-type cladding layer is a p-ZnMgSSe cladding layer; 

(f) the p-type semiconductor layer is a p-ZnSe layer; and 

(g) the p-type contact layer comprises a p-(ZnTe/ZnSe) MQW layer and a p-ZnTe layer formed on the p-(ZnTe/ 
ZnSe) MQW layer. 

25 

[0022] The foregoing LED may have the following structure: 

(a) the n-type semiconductor substrate is an n-GaN substrate; 

(b) the n-type cladding layer is an n-GaN cladding layer; 
30 (c) the active layer is an InGaN active layer; 

(d) the p-type cladding layer is a p-AlGaN cladding layer; and 

(e) the p-type contact layer is a p-GaN contact layer. 

[0023] The foregoing LED having the n-type buffer layer may also have the following structure: 

35 

(a) the n-type semiconductor substrate is an n-GaN substrate; 

(b) the n-type buffer layer is an n-GaN buffer layer; 

(c) the n-type cladding layer is an n-GaN cladding layer; 

(d) the active layer is an InGaN active layer; 

40 (e) the p-type cladding layer is a p-AIGaN cladding layer; and 

(f) the p-type contact layer is a p-GaN contact layer. 

[0024] The foregoing LED having both the n-type buffer layer and the p-type semiconductor layer may also have the 
following structure: 

45 

(a) the n-type semiconductor substrate Is an n-GaN substrate; 

(b) the n-type buffer layer is an n-GaN buffer layer; 

(c) the n-type cladding layer Is an n-GaN cladding layer; 

(d) the active layer is an InGaN active layer; 

50 (e) the p-type cladding layer is a p-AIGaN cladding layer; 

(f) the p-type semiconductor layer Is a p-GaN layer; and 

(g) the p-type contact layer is a p-GaN contact layer. 

[0025] According to one aspect of the present invention, a structure of a p-electrode Is formed at the light-emerging 
55 side of an LED comprising the following members: 

(a) a sapphire substrate; 

(b) an n-type cladding layer formed on the sapphire substrate; 
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(c) an active layer formed on the n-type cladding layer; 

(d) a p-type cladding layer formed on the active layer; 

(e) a p-type contact layer formed on the p-type cladding layer; and 

(0 an n-electrode fomried such that after a certain portion of the epitaxially grown layer of the p-type contact layer. 
5 the p-type cladding layer, and the active layer including a surface portion of the n-type cladding layer Is removed 

by etching to expose part of the n-type cladding layer, the n-electrode is formed on the exposed part of the n-type 
cladding layer. 

[0026] In this aspect also, the structure of the p-electrode comprises a mesh-shaped semi-transparent thin-film metal 
10 electrode for diffusing electric current formed on the p-type contact layer and a bonding electrode for wire bonding. 
The metal electrode has (a) a covering portion having a transmittance of at least 1 0% and (b) an opening portion being 
formed of a multitude of windows and having an opening ratio of at least 20%. The bonding electrode is formed on a 
peripheral portion of the p-type contact layer and is bonded directly to the mesh-shaped semi-transparent thin-film 
metal electrode. 

IS [0027] In this aspect, the LED may further comprise an n-type buffer layer between the sapphire substrate and the 
n-type cladding layer. The LED may further comprise a p-type semiconductor layer between the p-type cladding layer 
and the p-type contact layer. The LED may further comprise both (a) an n-type buffer layer between the sapphire 
substrate and the n-type cladding layer and (b) a p-type semiconductor layer between the p-type cladding layer and 
the p-type contact layer. 

20 [0028] In this aspect, the LED having the n-type buffer layer may have the following structure: 

(a) the n-type buffer layer is an n-GaN buffer layer; 

(b) the n-type cladding layer is an n-GaN cladding layer; 

(c) the active layer is an InGaN active layer; 

25 (d) the p-type cladding layer is a p-AIGaN cladding layer; and 

(e) the p-type contact layer is a p-GaN contact layer. 

[0029] In this aspect, the LED having both the n-type buffer layer and the p-type semiconductor layer may have the 
following structure: 

30 

(a) the n-type buffer layer is an n-GaN buffer layer; " 

(b) the n-type cladding layer is an n-GaN cladding layer; 

(c) the active layer is an InGaN active layer: 

(d) the p-type cladding layer is a p-AIGaN cladding layer; 
35 (e) the p-type semiconductor layer is a p-GaN layer; and 

(f) the p-type contact layer is a p-GaN contact layer. 

[0030] The present invention offers a structure of a p-electrode for a wide-bandgap ZnSe- or GaN-LED, which has 
low p-type conductivity because of the difficulty in doping p-type impurities. The p-electrode comprises a mesh-shaped 

40 semi-transparent thin-film metal electrode for diffusing electric current and a bonding electrode for wire bonding. The 
metal electrode has a covering portion and an opening portion formed of a multitude of windows. The bonding electrode 
is formed at the periphery of the p-type contact layer. An injected current flows from the bonding electrode through the 
meshed thin-film metal electrode to the p-type contact layer. The current is diffused at the metal electrode unifonnly 
including the peripheral portion , so that a uniform current distribution is achieved throughout the LED . Being the meshed 

45 structure, the metal portion of the metal electrode does not cover the entire surface of the p-type contact layer. Con- 
sequently, the absorption of the outgoing light by the metal electrode can be decreiased. In addition, the metal portion 
constituting the covering portion is thin and transmits lights and the opening portion is increased. As a result, the output 
efficiency of the light emerging from the LED is increased, and It becomes possible to offer a highly bright LED. 
[0031] According to the present invention, the p-electrode of an LED has the following structure: 

50 

(a) a mesh-shaped thin-film metal electrode having an opening portion composed of a multitude of windows and 

a covering portion composed of a thin metal film Is placed on the entire surface of the p-type contact layer; and 

(b) the metal electrode is directly bonded to a bonding electrode for wire bonding placed at the periphery of the p- 
type contact layer. 

55 

[0032] Light generated at the pn junction passes through the opening portion or the covering portion to exit to the 
outside. Some part of the outgoing light passes through the covering portion having an ordinary transmittance. The 
transmittance is at least 1 0%. The remaining part of the outgoing light passes through the opening portion without any 
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loss (transmittance: 1 00%), increasing the output efficiency of the outgoing light, 
[0033] According to the present Invention, in the structure of the p-electrode: 

(a) the circumscribed circle of each window of the opening portion In the mesh-shaped semi-transparent thin-film 
s metal electrode may have a diameter L, of at most 100 |j. m; 

(b) the covering portion of the metal electrode may have a thickness, d, of at least 1 0 nm and at most 60 nm; and 

(c) the opening portion of the metal electrode may have an opening ratio of 30% to 90%.. 

[0034] In a surface-iliuminating-type LED using a wide-bandgap semiconductor such as ZnSe or GaN and causing 
10 light to emerge from the p-electrode side, the p-type contact layer has high resistance and therefore it is difficult to 
diffuse electric current. Notwithstanding this difficulty, an LED having an increased output of light can be offered by 
increasing the light transmlttance through the improvement of the p-electrode in contact with the p-type contact layer 
without relying on ITO. 

[0035] In the improved p-electrode, however, the opening portion does not make contact with the p-type contact 
15 layer. This creates the possibility of insufficient diffusion of the current in the p-type contact layer and the accompanying 
decrease in luminous efficiency. The current can be sufficiently diffused when the p-type contact layer has a sufficiently 
low resistance and the window is sufficiently narrow. In this respect, It is desirable that the window be narrower. More 
specifically, as described above, it is desirable that the circumscribed circle of the window have a diameter of at most 
100 |i m. On the other hand, if the window is excessively narrow, the increment of the outgoing light is decreased. 
20 [0036] As described above, according to the present invention, the structure of the p-electrode fomied at the light- 
emerging side of an LED is effective in increasing the output efficiency of the light emerging from the LED. This effec- 
tiveness is particularly remarkable in an LED using a wIde-bandgap semiconductor such as ZnSe or GaN. 

BRIEF DESCRIPTION OF THE DRAWING 

25 

[0037] 

Figure 1 is a vertical cross section of the structure employed in Example 1 in which a ZnSe-LED has the following 
structure: 

30 

(a) the following layers are formed on an n-type ZnSe substrate: an n-ZnSe buffer layer an n-ZnMgSSe clad- 
ding layer, an ZnCdSe/ZnSe MOW active layer, a p-ZnMgSSe cladding layer, a p-ZnSe/p+-ZnSe layer, a 
p-(ZnTe/ZnSe) MOW layer, and a p-ZnTe layer (not shown in Fig. 1); 

(b) an n-electrode is formed on the back face of the n-type ZnSe substrate; and 

35 (c) the mesh-shaped Au p-electrode of the present Invention is fomried on the p-type contact layer composed 

of the p-(ZnTe/ZnSe) MOW layer and the p-ZnTe layer. 

Figure 2 is a plan view of a structure employed In Example 1 in which a ZnSe-LED Is provided on its p-type contact 
layer with a mesh-shaped p-eiectrode having a multitude of regular hexagonal windows arranged in six-fold sym- 
40 metry. 

Figure 3 is a plan view of another structure employed In Example 1 in which a ZnSe-LED Is provided on its p-type 
contact layer with a mesh-shaped p-electrode having a multitude of square windows arranged in four-fold sym- 
metry. 

Figure 4 is a plan view of yet another structure employed in Example 1 in which a ZnSe-LED is provided on its p- 
45 type contact layer with a mesh-shaped p-electrode having a multitude of circular windows arranged in four-fold 

symmetry. 

[0038] Figure 5 is a graph showing a measured relationship between the covering ratio a of the mesh-shaped Au 
electrode and the axial brightness Q of the ZnSe-LED produced in Example 1 in which the ZnSe-LED is provided on 
50 its p-type contact layer with a mesh-shaped Au p-eiectrode, wherein the axis of abscissas represents the covering 
ratio a and the axis of ordlnates represents the axial brightness O (when the contact layer is totally covered with the 

electrode (a = 1), the axial brightness takes a value of 1 as a reference). 

[0039] Figure 6 is a vertical cross section of the structure employed In Example 2 In which a GaN-LED has the 
following structure: 

55 

(a) the following layers are formed on a sapphire substrate (an insulating material): a GaN buffer layer, an n-GaN 
cladding layer, an InGaN active layer, a p-AlGaN cladding layer and a p-GaN layer; 

(b) after a certain portion of the laminated layer of the p-GaN layer, the p-AIGaN cladding layer, and the InGaN 
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active layer including a surface portion of the n-GaN cladding layer is remove by etching to expose part of the n- 

GaN cladding layer, an n-electrode is fomied on the exposed part of the n-GaN cladding layer; and 

(c) the mesh-shaped Ni/Au p-electrode of the present invention is fomried on the p-type contact layer (the p-GaN 

layer). 

5 

[0040] Figure 7 is a plan view of a structure employed in Example 2 in which a GaN-LED is provided on its p-type 
contact layer with a mesh-shaped p-electrode having a multitude of regular hexagonal windows arranged in six-fold 
symmetry. 

10 DETAILED DESCRIPTION OF THE INVENTION 

[0041 ] Embodiments of the present Invention are explained below by referring to the accompanying drawings. In the 
drawings, the same number or sign refers to the same element to avoid duplicated explanation. The ratios of the 
dimensions in the drawings do not necessarily coincide with the explanation. 

15 

[a. Material for the light-emitting element] 

[0042] The present invention aims at improving an LED that uses ZnSe or GaN, which has a wide bandgap and even 
when sufficiently doped with impurities, shows high resistivity because of the shortage of charge carriers. 

20 

[b. Shape of the electrode] 

[0043] The present invention aims to improve the shape of the p-electrode from which the light emerges. 

25 [c. P-type contact layer] 

[0044] With a wide-bandgap semiconductor such as ZnSe or GaN, the doping of p-type impurities is not easy. Even 
if the doping is satisfactorily performed, the activation rate is low, and not many positive holes are excited from the 
acceptor in many cases. As a result, the p-type carrier is scarce in number, and a current injected from the narrow p- 
30 electrode cannot diffuse sufficiently at the p-type contact layer. In the p-type contact layer, the current is localized at 
the portion directly under the p-electrode. To improve this situation, the mesh-shaped thin-film metal electrode of the 
present invention is placed on the p-type contact layer, such as a p-ZnSe, p-ZnTe, p-BeTe, p-GaN, or p-AIGaN contact 
layer. 

35 [d. Covering ratio a of the thin-film electrode] 

[0045] In a conventional ZnSe-LED, the entire surface of the p-type contact layer is covered with a semi-transparent 
thin-film electrode. According to the present invention, the covering ratio a is not 1 but expressed as 0 < a < 1 . The 
transmittance p of the covering portion varies with the thickness dot the thin-fiim electrode, and hence is denoted as 
40 p (d). In the present invention, the thickness d is similar to that in the conventional LED. Consequently, when the 
thickness is the same, the covering portion, whose covering ratio is a, has the same transmittance p (d) as in the 
conventional LED. Unlike the conventional LED, the thin-film electrode of the present invention has an opening portion. 
The opening portion, whose ratio is 1 - a, has a transmittance of 1 . 

[0046] The presence of the opening portion, however, may create insufficient diffusion of the current. The current 
45 diffusion at the p-type contact layer is affected by the presence of the opening portion. The current-diffusing power of 
the p-type contact layer is denoted by y, which takes a value of 0 to 1 . As the diameter L of the circumscribed circle of 
the window of the opening increases, the current-diffusing power y decreases. Hence, the current-diffusing power can 
be expressed as y(L). When the transmittance of the outgoing light at the p-electrode is denoted by T, the transmittance 
Tf for the conventional method can be expressed by equation (1 ). 

50 

r,= p (CO (1). 

[0047] On the other hand, the transmittance T2 for the present invention can be expressed by equation (2). 

55 

p(oOo+(1 -a)7(L) (2). 
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[0048] From the two equations, equation (3) can be derived. 



37^1= vW^(a)+ {1- ymi&W a 

= 1+ {y(MI&{d)'-^) (1- a) (3). 



[0049] If Tg/T^ is smallerthan 1 , the conventional method is superiorto the method of the present Invention, y (L) is 
close to 1 but not necessarily larger than P (cO- According to equation (3), the present invention is effective when p (d) 
is small (when the thin-film metal electrode has low transmittance). More specifically, the present invention Is effective 
when the covering ratio a is less than about 0.8 (the opening ratio Is more than about 0.2). As described in Example 
1 below, when the covering ratio is about 0.7 (the opening ratio is about 0.3), the amount of the output light is Increased 
by at least 10%. 

[e. Repetitive pattern of the window of the opening portion of the thin-film metal electrode] 

[0050] The meshed pattern of the thin-film electrode can be produced by forming a multitude of windows. An irregular 
pattem can be used. Aregular pattern, also, can be used, in which the same pattern Is repeated. For example, it is 
possible to use a six-fold rotationally symmetrical pattern, a four-fold rotationally symmetrical pattern, or a two-fold 
rotationally symmetrica! pattern. In these three patterns, the shape of the window can be any type, such as a regular 
hexagon, a square, a circle, or an ellipse. 

[0051] The photolithography can produce any type of the thin-film metal electrode pattern with the same easiness. 
When the opening ratio (1 - a) is specified (this automatically determines the covering ratio a), a pattem that easily 
satisfies the specification can be used, The process for obtaining the opening ratio (1 - c ) in accordance with the 
symmetry and the shape of the window is explained below. 

[f. Six-fold rotationally symmetrical pattern (Figs. 2 and 7)] 

[0052] In a six-fold rotationally symmetrical pattern, the distance between the centers of the-neighboring windows is 
denoted by M. The area of the triangle produced by the centers of the neighboring three windows is expressed as 
31/2/^/4 shape of the window is not limited to a regular hexagon. A circle or square can be used. Figures 2 and 
7 show a pattern In which the window has the shape of a regular hexagon. In this case, the symmetry of the arrangement 
of the windows coincides with the symmetry of the shape of the window. Consequently, when the circumscribed circle 
of the window has a diameter of L = 2MfZ^^^, the opening ratio Is 1 . The ratio UM determines the opening ratio (1 - a) 
as shown in equation (4). 

(1 - o) (regular hexagonal window) = (3/4)(L^/A^) (4). 

[0053] The value of (1 - o) varies from 0 to 1 . Hence, 

0^(1- a)(regular hexagonal window) ^ 1 (5). 

[0054] In the case of a square window, although the windows can be formed at the places arranged In six-fold sym- 
metry, the entire pattern cannot be In six-fold symmetry because of the nature of the square shape. The window has 
an area of where L is the diameter of the circumscribed circle of the square. Therefore, the opening ratio (1 - o) 
Is expressed by equation (6). 

(1- a)(square window) = (1/3^'^)(L^/iW^) (6). 

[0055] However when L = (3"'^/2*'^2)|\/|^ the neighboring squares on the same axis of symmetry are in contact with 
each other. Therefore, L cannot be increased beyond that limit. In other words, (1 - a)(square window) has an upper 
limit of less than 1 . Hence, 
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0 ^ (1 - o)(square window) s 3' ''/2=0.86 (7). 

[0056] In the case of a circular window, the window has an area of n L2/4, where L is the diameter of the circle. 
Therefore, the opening ratio (1 - a) is expressed by equation (8). 

(1 - o)(clrcular window) = (k/2*3^'^(L^/a/) (8). 

[0057] However, when L = M , the neighboring circles are in contact with one another. Therefore, Lcannot be increased 
beyond that limit. In other words, (1 - o )(circular window) has an upper limit of less than 1 . Hence, 

0 ^ (1 - a)(circular window) ^ 7i/2»3''^=0.0906 (9). 
[g. Four-fold rotationally symmetrical pattem (Figs. 3 and 4)] 

[0058] In a four-fold rotationally symmetrical pattern, also, the distance between centers of the neighboring windows 
is denoted by M. The area of the square produced by the centers of the neighboring four windows Is expressed as A/^. 
The shape of the window is not limited to a square. A circle, regular hexagon, or equilateral triangle can be used. 
However, in the case of a regular hexagon or equilateral triangle, although the windows can be fomied at the places 
arranged in four-fold symmetry, the entire pattern cannot be in four-fold symmetry because of the nature of the window 
shape. Figure 3 shows a pattem in which the window has the shape of a square; Fig. 4, a circle. In the case of the 
square window shown in Fig. 3, the symmetry of the arrangement of the windows coincides with the symmetry of the 
shape of the window. Consequently, when the circumscribed circle of the window has a diameter of i- = the 
opening ratio is 1. The ratio L/M determines the opening ratio (1 - a) as shown in equation (10), 

. (1 - a )(square window) = L^/2a/ . (10). 

[0059] The upper limit of the opening ratio is 1 . Hence, 

0 ^ (1 - o)(square window) ^ 1 (11). 

[0060] In the case of the circular window shown in Fig. 4, the opening ratio is expressed by equation (1 2), where Lis 
the diameter of the circle. 

(1 - a)(circular window) = (7c/4)(L^/A^) (12). 

[0061] When L = /W, the neighboring windows are in contact with one another. Therefore, the opening ratio cannot 
be Increased beyond that limit. The opening ratio has an upper limit expressed by equation (13). 

0 g (1- a )(circular window) ^ 0.785 (13). 
[h. Thickness d of the thin-film electrode] 

[0062] As described earlier, conventionally, an electrode having a unlfonn thickness of 20 nm covers the entire sur- 
face of the p-type contact layer. The transmittance at a thickness of 20 nm is about 50%. This means nearly half of the 
light is absorbed uselessly. If the thickness is decreased to less than 20 nm, whereas the amount of the absorption Is 
decreased, the electrical resistance. This increase in resistance extremely decreases the current from the bonding 
electrode to the semi-transparent thin-film electrode. Therefore, the thin-film electrode must have a thickness of at 
least 1 0 nm. In terms of the production process, it is difficult to produce a thin-film electrode having a thickness of less 
than 10 nm. 

[0063] Even in the covering portion composed of the thin metal film, it is desirable that the metal film has a transmit- 
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tance of about 1 0%. This requirement determines the upper limit of the thickness. Au Is an excellent material because 
it has low electrical resistivity and provides ohmic contact with a p-type contact layer. Depending on the production 
method, when an Au film has a thickness is 20 nm, a highly conductive film can be produced with a resistivity of about 
2 X 10-6Qcm. 

5 [0064] In the present invention, the bonding electrode is directly bonded to the Au thin-film electrode. Consequently, 
current can be injected sufficiently even when the Au thin-film has a thickness as thin as 10 to 30 nm. Depending on 
the production method, when the thickness is 20 nm, the Au thin-film has an absorption coefficient of about 50%. When 
the thickness is reduced to 1 0 nm, whereas the absorption coefficient is decreased to about 30%, the electrical resist- 
ance inevitably increases. When the thickness is reduced to less than 1 0 nm, the electrical resistance increases to an 

10 undesirable extent. On the other hand, the upper limit of the thickness Is determined by the necessity of the transmit- 
tance at the covering portion. It is desirable that the covering portion has a transmittance of at least 0.1 . The transmit- 
tance is expressed as exp(-a • d), where a is the absorption coefficient and d is the thickness. When d= 20 nm, the 
transmittance Is 0.5. Therefore, the absorption coefficient a is 0.0346 nm The thickness for obtaining the transmit- 
tance of 0.1 can be calculated by using the equation 0.1 = exp(-0.0346d), and the result Is 66 nm. However, the electrical 

IS resistivity of a thin film varies considerably with the production method and conditions, Au is relatively stable in this 
respect and has better reprodudbllity than any other metals. Considering the foregoing aspects, the upper limit of the 
thickness Is about 60 nm. Hence, 

20 10nmsd<60nm (14). 

[0065] As mentioned above, this is a rough measure. Actually, the resistivity of Au also varies with the production 
method and conditions. Therefore, the thickness of can be determined such that the covering portion has a transmittance 
of at least 0.1 . 

25 

[1. Example 1 (ZnSe white LED having a honeycomb-structured p-electrode)] 

[0086] With wide-bandgap semiconductors, it is diff icultto obtain a p-type. Even when the p-type is obtained, because 
of the scarce charge carriers, it is not easy to diffuse the current at the p-type contact layer. ZnSe and GaN are typical 

30 examples of these semiconductors. Figure 1 shows an example of a ZnSe-based white LED to which the present 
invention is applied. A ZnSe-LED is. a blue LED that emits blue light having a wavelength of about 485 nm. However, 
when the ZnSe substrate is doped with an impurity that becomes a certain type of color center, the blue light generates 
orange-to-yellow fluorescence (the center wavelength is about 590 nm) at the substrate, and the blue light and the 
fluorescence are combined to produce white light. Hence, such a ZnSe-LED is called a white LED (see Japanese 

35 patent No. 3087742 entitled "white color LED"). 

[0067] Epitaxial growth process was performed by using a molecular-beam epitaxy apparatus equipped with a Zn 
cell, a ZnCl2 cell, an Se cell, an N radical gun, a Cd cell, an Mg cell, etc. The following layers were fonried on an n- 
type-conductive ZnSe single-crystal substrate 2 by the molecular-beam epitaxial growth method: 

40 (a) an n-type ZnSe buffer layer 3 having a thickness of 1 m; 

(b) an n-type ZnMgSSe cladding layer 4 having a thickness of 0.5 |i m; 

(c) an ZnCdSe/ZnSe MQW active layer 5; 

(d) a p-type ZnMgSSe cladding layer 6 having a thickness of 0.5 |ji m; 

(e) a p-type ZnSe layer 7 having a thickness of 0.2 ju m; and 

45 (f) a p-type contact layer 8 composed of a p-type (ZnTe/ZnSe) MQW layer and a p-type ZnTe layer, the p-type 

ZnTe layer having a thickness of 60 nm (although not shown In Fig. 1 , the p-type ZnTe layer is formed on the p- 
type (ZnTe/ZnSe) MQW layer). 

[0068] The temperature of the substrate during the epitaxial growth was maintained at 275 to 325 "C. The growth 
50 rate was maintained at about 0.4 to 0.7 \i m/hr. Nitrogen (N) was supplied as a p-type impurity from the N radical gun 
to the surface of the ZnSe substrate. Chlorine was used as an n-type impurity and evaporated from the ZnCl2 cell. This 
concludes the explanation for the process of the epitaxial growth on the n-type ZnSo wafer 

[0069] Subsequently, chemical etching was conducted on the surface of the epitaxially grown wafer such that the 
peripheral portion of each device is etched excluding the central portion for the light-emitting region. Thus, the p-type 
55 ZnSe layer 7 was exposed at the peripheral portion. A bonding electrode 9 composed of Ti/Au for wire bonding was 
formed on the exposed peripheral portion of the p-type ZnSe layer 7. The bonding electrode 9 was not intended to 
inject a current directly to the p-type ZnSe layer 7. It was Intended to injectthe current to the p-type ZnTe layer 7 through 
the neighboring Au electrode 20. The current flows in order of the bonding electrode 9, the mesh-shaped thin-film metal 
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electrode 20, the p-type ZnTe layer (not shown in Fig. 1), the p-type (ZnTe/ZnSe) MQW layer, and the p-type ZnSe 
layer 7. If the current flows through the peripheral portion, It accelerates the deterioration. Therefore, the current Is not 
intended to flow through the peripheral portion. The Ti/Au layer (the bonding electrode 9) provided at the peripheral 
portion is capable of blocking the peripheral current. 
5 [0070] Next, a mesh-shaped Au electrode 20 having a honeyconnb structure was formed with a thickness of d=: 20 
nm on the entire surface of the light-emitting region (central portion). An n-electrode 1 0 composed of In or Ti/Au was 
formed on the back face of the n-type ZnSe substrate. 

[0071] After the fonnation of the electrodes 9 and 10, the epitaxially grown wafer was cut to obtain a multitude of 
LED chips having the shape of a 400-p.m square. Figure 2 shows a plan view of one of the chips. The bonding electrode 

10 9, fonned on the top surface of the chip, is composed of narrow belts at the four sides of the square and a projection 
at one side (this projected portion is used for wire bonding). The honeycomb-shaped thin-film electrode 20 covers the 
rest of the top surface. The p-type contact layer underneath the honeycomb-shaped thin-film electrode 20 can be seen 
through the windows. The current does not flow downward directly from the bonding electrode. Instead, the current 
flows laterally from the bonding electrode 9 to the thin-film electrode 20, from which the current flows downward. The 

15 current flowing in the p-type contact layer diffuses toward the center of the window. The chip was fixed onto a lead 
frame such that the top surface was the face where the p-type electrode was fomried. The lead and the p-electrode 
(the bonding electrode 9) were connected by wire bonding. Finally, the unit was sealed with a resin to fomn a bullet- 
type LED lamp. 

[0072] As described earlier, the shape of the mesh-shaped electrode is produced by forming a multitude of windows, 
20 such as circles, squares, or regular hexagons, at symmetrically arranged places, such as in six-fold symmetry or four- 
fold symmetry. Figure 3 shows a mesh-shaped electrode in which square windows are arranged in four-fold symmetry. 
Figure 4 shows a mesh-shaped electrode in which circular windows are arranged in four-fold symmetry. The diameter 
L of the circumscribed circle of the window is designed to be 1 0 to 40 ^m, for example. 

[0073] The optical output of the LED having the p-electrodo structure of the present Invention was measured under 
25 a constant-current mode. A current of 20 mA produced a highly bright white-light emission with a light intensity of 5 
mW. The relationship between the covering ratio o of the mesh-shaped Au electrode and the emitted-light intensity 
(axial brightness) O was measured in the light-emitting region by using various mesh-shaped Au electrodes having a 
different covering ratio a . The measured results are shown in Fig. S. The axis of abscissas represents the covering 
ratio a; the axis of ordlnates represents the axial brightness O. 
30 [0074] The brightness of a surface-illumlnatlng-type LED varies with an angle. The total brightness is obtained by 
placing the LED at the focal point of an integrating sphere. All the emitted light beams are collected after they are 
reflected by the sphere, and the intensity is measured. On the other hand, the axial brightness is obtained by measuring 
the optical output of the LED with an instrument placed on the nomrial of the plane of the LED. In other words, the axial 
brightness is the power of the light emitted to a specified direction. The axial brightness is roughly proportional to the 
35 total brightness. Because the axial brightness is easier in measuring, the axial brightness is measured for the compar- 
ison in this example. 

[0075] The measured results confinned that as the covering ratio o of the metal electrode decreases, the emitted- 
light intensity (axial brightness) Q Increases. The following data are average values obtained by measuring the bright- 
ness on a multitude of samples having a predetemiined covering ratio: 



The conventional LED has a structure in which the entire surface of the p-type contact layer is covered with a semi- 
transparent metal electrode (Au electrode). This structure corresponds to a = 1 . This condition is taken as a reference, 
and the axial brightness at a = 1 is refeaed to as 1. The graph of brightness shown in Fig. 5 is plotted using this 

50 reference value. When the covering ratio o is 0,69 (the opening ratio is 0.31), the optical output increases by a factor 
of 1 .1 6. When the covering ratio o is 0.61 (the opening ratio is 0.39), the optical output increases by a factor of 1 ,23. 
When the covering ratio a is 0.49 and L = 40 u m, the optical output increases by a factor of no less than 1 .35. Similarly, 
when the covering ratio o is 0.49 and L= 20 |j. m, the optical output increases by a factor of no less than 1 .36. These 
data clearly demonstrate the advantage of providing the opening portion in the metal electrode. 

55 [0076] The above data can be used to roughly determine the term y (L)/^ [cf) in equation (3). The above data were 
substituted into equation (3) to obtain the average value of y (L)/p {d). The result is expressed by equation (15). 



40 



45 



when o 
when a 
when o 
when o 
when o 



1, Q = 1. 

0.69 (L = 40 ^m), Q=1.16. 

0.61 (L = 40fim), Q = 1.23, 
: 0.49 (L = 40 p.m). Q = 1 .35, and 
:0.49(L=20 |xm),Q=1.36. 
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7(L)/p(aO = 1.6 (15). 

[0077] The electrode thickness d is 20 nm. When the transnnittance p (d) is 0.5, the diffusion power y Is about 0.8. 
5 The axial brightness O has little difference between L = 40 M-m and iL = 20 pirn. This means that when L has a value of 
40 p.m or less, the p-type contact layer has the ability to diffuse the current sufficiently. 

[2. Example 2 (GaN-based blue LED having a honeycomb-structured p-electrode)] 

10 [0078] GaN is another example in which the p-type layer comes to have high resistance and therefore makes it 
difficult to diffuse current. Figure 6 shows an example of a GaN-based blue LED to which the present invention Is 
applied. The following layers were fomied on a sapphire substrate 22 by the metalorganic chemical vapor deposition 
(MO-CVD) method: 

15 (a) a GaN buffer layer 23 having a thickness of 30 nm, 

(1 ))an n-type GaN cladding layer 24 having a thickness of 4 |i m, 

(c) an InGaN active layer 25, 

(d) a p-type AIGaN cladding layer 26 having a thickness of 0.1 |i m, and 

(e) a p-type GaN layer 27 having a thickness of 0.3 ^im 

20 

[0079] Subsequently, as shown in Fig. 6, dry etching was conducted at a corner portion to expose the n-type GaN 
cladding layer 24, excluding the central portion for the light-emitting region. An n-type metal electrode 30 composed 
of Ti/Au was formed on the surface of the exposed part of the n-type GaN cladding layer 24. Then , a bonding electrode 
28 for wire bonding was formed on the foregoing light-emitting region. The rest of the light-emitting region was covered 
25 with a thin-film metal electrode 29 being composed of Ni/Au, having a thickness of 20 rim, and having a honeycomb 
structure. 

[0080] After the formation of the electrodes, the epitaxially grown wafer was cut to obtain chips having the shape of 
a 300- [I m square. Figure 7 shows a plan view of one of the chips. The n-electrode 30 composed of Ti/Au was placed 
on the lower stage of the chip at the lower right portion of Fig. 7. The bonding electrode 28 was placed at the upper 
30 left portion of the upper stage. The light-emitting region was covered with the mesh-shaped p-electrode 29 composed 
of Ni/Au. The p-GaN layer 27 can be seen through the windows of the mesh-shaped electrode. The chip was fixed 
onto a lead frame. The lead and the bonding electrode were connected by wire bonding. Finally, the unit was encap- 
sulated with an epoxy resin to form a bullet-type LED lamp. 

[0081] The optical output of the LED of Example 2 was measured under a constant-current mode. A current of 20 
35 mA produced a highly bright blue-light emission with a light intensity of no less than 4 mW. Under this condition, the 
f onward voltage was 3.6 V 



40 



Claims 



1. A structure of a p-electrode formed at the light-emerging side of a light-emitting diode (hereinafter referred to as 
LED), the LED comprising: 

(a) an n-type semiconductor substrate; 
^5 (b) an n-type cladding layer formed on the n-type semiconductor substrate; 

(c) an active layer formed on the n-type cladding layer; 

(d) a p-type cladding layer formed on the active layer; 

(e) a p-type contact layer formed on the p-type cladding layer; and 

(f) an n-electrode fonned on the back face of the n-type semiconductor substrate; 
50 the structure comprising: 

(g) a mesh-shaped semi-transparent thin-film metal electrode for diffusing electric current formed on the p- 
type contact layer, the motal electrode having: 

(g1) a covering portion having a transmittance of at least 10%; and 
55 (g2) an opening portion being formed of a multitude of windows and having an opening ratio of at least 

20%; and 

(h) a bonding electrode for wire bonding, the bonding electrode being: 
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(h1 ) formed at the periphery of the p-type contact layer; and 

(h2) bonded directly to the mesh-shaped semi-transparent thin-film metal electrode. 

2. A structure as defined by claim 1 . wherein the LED further comprises an n-type buffer layer between the n-type 
5 semiconductor substrate and the n-type cladding layer. 

3. A structure as defined by claim 1 , wherein the LED further comprises a p-type semiconductor layer between the 
p-type cladding layer and the p-type contact layer 

10 4. A structure as defined by claim 1 , wherein the LED further comprises: 

(a) an n-type buffer layer between the n-type semiconductor substrate and the n-type cladding layer; and 

(b) a p-type semiconductor layer between the p-type cladding layer and the p-type contact layer. 

15 5. A structure as defined by claim 2, wherein: 

(a) the n-type semiconductor substrate Is an n-type ZnSe substrate; 

(b) the n-type buffer layer is an n-ZnSe buffer layer; 

(c) the n-type cladding layer is an n-ZnMgSSe cladding layer; 

20 (d) the active layer is one member selected from the group consisting of a ZnCdSe/ZnSe multiple quantum 

well (hereinafter referred to as MQW) active layer and a ZnSeTe active layer; 

(e) the p-type cladding layer is a p-ZnMgSSe cladding layer; and 

(f) the p-type contact layer comprises a p-(ZnTe/ZnSe) MQW layer and a p-ZnTe layer formed on the p-(ZnTe/ 
ZnSe) MQW layer. 

25 

6. A structure as defined by claim 4, wherein: 

(a) the n-type semiconductor substrate is an n-type ZnSe substrate; 

(b) the n-type buffer layer is an n-ZnSe buffer layer; 

30 (c) the n-type cladding layer is an n-ZnMgSSe cladding layer; 

(d) the active layer Is one member selected from the group consisting of a ZnCdSe/ZnSe MQW active layer 
and a ZnSeTe active layer; 

(e) the p-type cladding layer is a p-ZnMgSSe cladding layer; 

(f) the p-type semiconductor layer is a p-ZnSe layer; and 

35 (g) the p-type contact layer comprises a p-(ZnTe/ZnSe) MQW layer and a p-ZnTe layer fonmed on the p-(ZnTe/ 

ZnSe) MQW layer 

7. A structure as defined by claim 1 , wherein: 

40 (a) the n-type semiconductor substrate is an n-GaN substrate; 

(b) the n-type cladding layer is an n-GaN cladding layer; 

(c) the active layer Is an InGaN active layer; 

(d) the p-type cladding layer is a p-AIGaN cladding layer; and 

(e) the p-type contact layer is a p-GaN contact layer 

45 

8. A Structure as defined by claim 2, wherein: 

(a) the n-type semiconductor substrate is an n-GaN substrate; 

(b) the n-type buffer layer is an n-GaN buffer layer; 

50 (c) the n-type cladding layer Is an n-GaN cladding layer; 

(d) the active layer is an InGaN active layer; 

(e) the p-type cladding layer is a p-AIGaN cladding layer; and 

(f) the p-type contact layer is a p-GaN contact layer 

55 9, A structure as defined by claim 4, wherein: 

(a) the n-type semiconductor substrate is an n-GaN substrate; 

(b) the n-type buffer layer is an n-GaN buffer layer; 
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(c) the n-type cladding layer is an n-GaN cladding layer; 

(d) the active layer is an InGaN active layer; 

(e) the p-type cladding layer Is a p-AIGaN cladding layer; 

(f) the p-type semiconductor layer Is a p-GaN layer; and 

(g) the p-type contact layer is a p-GaN contact layer. 

10. A structure as defined by claim 1 , wherein the circumscribed circle of each window of the opening portion in the 
mesh-shaped semi-transparent thin-film metal electrode has a diameter, L, of at most 100 |j. m. 

11. A structure as defined by claim 1, wherein the covering portion of the mesh-shaped semi-transparent thin-film 
metal electrode has a thickness, d, of at least 10 nm and at most 60 nm. 

1 2. A structure as defined by claim 1 , wherein the opening portion of the mesh-shaped semi-transparent thin-film metal 
electrode has an opening ratio of 30% to 90%. 

13. A structure of a p-electrode formed at the light-emerging side of an LED, the LED comprising: 

(a) a sapphire substrate; 

(b) an n-type cladding layer formed on the sapphire substrate; 

(c) an active layer formed on the n-type cladding layer; 

(d) a p-type cladding layer formed on the active layer; 

(e) a p-type contact layer formed on the p-type cladding layer; and 

(f) an n-electrode formed such that after a certain portion of the laminated layer of the p-type contact layer, 
the p-type cladding layer, and the active layer including a surface portion of the n-type cladding layer is removed 
by etching to expose part of the n-type cladding layer, the n-electrode is formed on the exposed part of the n- 
type cladding layer; the structure comprising: 

(g) a mesh-shaped semi-transparent thin-film metal electrode for diffusing electric current formed on the p- 
type contact layer, the metal electrode having: 

(g1) a covering portion having a transmittance of at least 10%; and 

(g2) an opening portion being formed of a multitude of windows and having an opening ratio of at least 
20%; and 

(h) a bonding electrode for wire bonding, the bonding electrode being: 

(h1) fomned on a peripheral portion of the p-type contact layer; and 
(h2) bonded directly to the semi-transparent thin-film metal electrode. 

1 4. A structure as defined by claim 13, wherein the LED further comprises an n-type buffer layer between the sapphire 

substrate and the n-type cladding layer. 

15. A structure as defined by claim 13, wherein the LED further comprises a p-type semiconductor layer between the 
p-type cladding layer and the p-type contact layer. 

16. A Structure as defined by claim 13, wherein the LED further comprises: 

(a) an n-type buffer layer between the sapphire substrate and the n-type cladding layer; and 

(b) a p-type semiconductor layer between the p-type cladding layer and the p-type contact layer 

17. A structure as defined by claim 14, wherein: 

(a) the n-type buffer layer is an n-GaN buffer layer; 

(b) the n-type cladding layer is an n-GaN cladding layer; 

(c) the active layer is an InGaN active layer; 

(d) the p-type cladding layer is a p-AlGaN cladding layer; and 

(e) the p-type contact layer is a p-GaN contact layer 

18. A structure as defined by claim 16, wherein: 
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(a) the n-type buffer layer is an n-GaN buffer layer; 
(1))the n-type cladding layer is an n-GaN cladding layer; 

(c) the active layer is an InGaN active layer; 

(d) the p-type cladding layer is a p-AIGaN cladding layer; 

(e) the p-type semiconductor layer Is a p-GaN layer; and 

(f) the p-type contact layer is a p-GaN contact layer 

19. A structure as defined by claim 13, wherein the circumscribed circle of each window of tlie opening portion In the 
mesh-shaped semi-transparent thin-film metal electrode has a diameter, L, of at most 1 00 m. 

20. A structure as defined by claim 13, wherein the covering portion of the mesh-shaped semi-transparent thin-fllm 
metal electrode has a thickness, d, of at least 10 nm and at most 60 nm. 

21. A structure as defined by claim 13, wherein the opening portion of the mesh-shaped semi-transparent thin-film 
metal electrode has an opening ratio of 30% to 90%. 
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FIG. 2 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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